Introduction
The otter civet Cynogale bennettii is a specialized semiaquatic viverrid (Carnivora, Viverridae) of the subfamily Hemigalinae. The species is adapted to aquatic life, with webbed feet, and nostrils and ears that can be closed by flaps. It is also characterized by a muzzle bearing long, white and stiff vibrissae. Little is known of otter civet biology. However, it is usually found near streams and swampy areas, is primarily nocturnal, and is known to forage in the water (Medway, 1978; Lekagul & McNeely, 1988; Yasuma, 1994) . The otter civet is known to occur in South-east Asia, but its northern limit is unknown. Two species have been described, C. bennettii Gray, 1837 and the Cynogale of Gray, but differed based on a more detailed description by Gray (1837b) in the shape of the upper carnassial teeth. Another synonym of C. bennettii is Potamophilus barbatus Müller, 1838 , based on a specimen from Borneo.
The otter civet is listed in appendix II of CITES (CITES, 2005) and categorized as Endangered on the IUCN Red List (IUCN, 2004) . Its current status is, however, difficult to assess because of a scarcity of sighting records. The aim of this paper is to update the list of otter civet museum specimens and observations, and to reassess the distribution and conservation status of this poorly-known carnivore.
Methods
Data from museums were collected from seven European museums by GV and PG. For US, Asian and Australian museums, the curators provided information. Data were also gathered from the literature. Specimens from the Muséum National d'Histoire Naturelle, Paris (MNHN) and British Museum (Natural History), London (BMNH) were specifically studied by GV to re-evaluate the systematic status of C. lowei. Field surveys have been undertaken within the putative range of the otter civet in Thailand since 1995 (LG) and in Krau Wildlife Reserve, Pahang, Peninsular Malaysia in 2001 (GV), 2004 (AJ, GV and PG) and 2005 (AJ and GV), and we also acquired further data from other field scientists. Camera trapping studies in Sumatra, Indonesia (Way Kambas National Park and Riau Province peat swamp forests) were carried out during 1996-2005 under the Sumatran Tiger Conservation Programme (NF). Additionally, we collected information on captive specimens from the literature, ISIS (2005) , and zoo keepers.
Results
We examined the type specimen of C. lowei Pocock, 1933 (BMNH 27.12.1.93 ), a skin with no skull or skeleton. Our observations are congruent with the description by Pocock (1933) . It is characterized by its small size, white hairs along the sides of the fore part of the body and no speckling in the coat. Its locality was listed as 'Backan, Tonkin (500 ft.)' in North Vietnam, but it was acquired from 'natives' by Delacour and Lowe in 1927. We documented 84 museum records of otter civets from Brunei, Indonesia, Malaysia and Singapore (Appendix). However, six were endocranial casts of other specimens, and three were mentioned in the literature but not found in the collections. Thus, we estimate that there are 75 museum specimens. It is possible that there are additional specimens in Asian and Australian museums or other institutions.
This investigation of collections also allowed us to rediscover one of the oldest otter civet specimens, the type specimen of Viverra (Lamictis) carcharias (MNHN A-3484), a junior synonym of C. bennettii described by Blainville in 1837. It was collected by Diard in Java or in 'the other parts of India [ = Asia]' (Blainville, 1837) in 1826, and preserved in alcohol in the MNHN collections. The skeleton was prepared and mounted in 1837. The only older specimen is the type of Cynogale bennettii Gray, 1837 , which was said to be part of the collection of Stamford Raffles and was thus probably collected in Sumatra (Type BMNH 1907.01.01.192) . If acquired by Raffles, it was collected before 1826, the date of his death. There is no date of arrival of this specimen in the British collections. It was described by Gray (1837a) Fig. 1 ). Fifty-nine camera trapped pictures of otter civets were obtained in lowland forests of Way Kambas National Park, Sumatra (January 1996-December 1998; 3,920 camera trap days) and more recently one in peat swamp forests of northern Riau province, Sumatra (February 2005). Four were photographs of two individuals together (one was mother and young), two photographs of three individuals together (one was mother and two young). All other photographs were of single individuals (Plate 1). One shows a civet climbing a tree. Photographs were obtained at all times of day and were all in close proximity to water. In other parts of the range we were unable to obtain camera trap photographs. We did not camera trap or observe the otter civet during our field work in Thailand or Peninsular Malaysia. However, because otter civet habitat requirements are not clearly understood, much of the camera trapping in these studies could have occurred outside its habitat range.
The collection locations of Museum specimens and observation localities are given in Fig. 1 . Information on formerly captive otter civets is summarized in Table 2 . There are currently no known captive specimens, nor has captive breeding been reported.
Discussion

Systematic status of C. Lowei
According to Pocock (1933) C. lowei can be distinguished from C. bennettii by its smaller size, by the extension of white hairs along the sides of the muzzle, cheek, neck and throat, and by the absence of silvery speckling in the pelage. The skin of the type specimen was that of an immature civet, and thus its small size should not be considered diagnostic for the species (Pocock, 1933) . It was identified by Thomas (1928) as an immature C. bennettii. It is difficult to confirm the status of C. lowei because the small number of museum specimens of C.
bennettii prohibits an estimation of individual variation in this species. However, the specimens from the MNHN and BMNH (Appendix) displayed slight variation in pelage (GV, pers. obs.). Similarly, Pocock (1933) mentioned two juveniles from Sumatra with no speckling in the coat, which is a feature considered diagnostic of C. lowei. Pocock (1933) also observed individual variation in C. bennettii, and suggested molting as a source of colour variation that reduced the quantity of speckled hairs and exposed, often in patches, paler portions of the underwool. Because the C. lowei specimen acquired by Delacour and Lowe was a trade skin, we could not confirm where it was collected. Moreover, no further specimens of otter civets have been acquired from this region. Wang Yingxiang (pers. comm.) reported animal skins that he suspected were otter civet. One specimen was said to be trapped by fishermen from Yi-Long lake (23. 39-23.42dN, 102.30-102.40dE ; Shiping County, southern Yunnan, China) in 1978, and two other specimens were said to be trapped from the same lake and Chi-rui Lake (23.44dN, 102.22dE; Baoxiu, Shiping County, Yunnan) and were seen in a market in 1982 and 1985. However, these records were not confirmed by collected specimens or photographs. Field surveys in Vietnam since the early 1990s have failed to document otter civet (B. Long, pers. comm.). However, these investigations did not incorporate night surveys or camera trapping, and thus it is possible that otter civet remained undetected. Because lowland forest in Vietnam is scarce, future surveys should focus on these remaining patches.
Our morphological study of C. lowei does not support a specific distinction from C. bennettii. Furthermore, the presence of otter civet in northern Vietnam, Yunnan (China) and northern Thailand has never been confirmed. If it does occur in these countries it is likely to also occur in Lao PDR, although it has never been observed there (Duckworth et al., 1999) .
Reassessment of the distribution of C. bennettii
The data suggest that the range of C. bennettii comprises peninsular Thailand and Malaysia, and the islands of Sumatra and Borneo. Except for the locality of the junior synonym V. carcharias of Blainville, there is no data from Java. However, the locality of this type specimen is doubtful. Otter civet presence in Thailand, suspected by many authors (Lekagul & McNeely, 1988; Schreiber et al., 1989) was confirmed for the first time by accurate sightings ( Table 1 ). The two unpublished sightings in southern Thailand (Narathiwat Province) and Kaeng Kranchan National Park (Petchaburi Province) were the first documented records for this country, but the sighting in north Thailand (Phu Kradung National Park) is suspect because the observer was not a naturalist. Furthermore, LG did not document otter civet presence during a 4-year study in Phu Khieo Wildlife Sanctuary, which is adjacent to Phu Kradung National Park. Surveys by LG in Kaeng Krachan National Park in 1995-1997 and in Khao Aung Rui Nai Wildlife Sanctuary (Chaochongsao Province) in 1998 did not document this species.
The presence of otter civet in Vietnam and southern China cannot be confirmed. The only specimen from Vietnam was the type specimen of C. lowei. A specimen labelled 'Paguma, China' from the Heude collection (Zoological Institution, Beijing) was reidentified as an otter civet by C. Wozencraft (pers. comm.) . However, the exact origin of the specimen is unknown (this specimen is a part of a collection that was removed from Shanghai and given to the Zoological Institution in Beijing). The species is not listed by Yongzu (1997) , which is the most recent reference on mammal distribution in China. Investigations in Cambodia, Burma, Lao PDR, from the literature (notably Schreiber et al., 1989, and Duckworth et al., 1999) , and by local field workers did not provide evidence for the presence of this species.
Camera trapping surveys in Peninsular Malaysia (Merapoh, Kuala Terengan, and Kuala Koh in Taman Negara National Park, Malaysia, in 1999 -2001 , Kawanishi, 2002 Krau Wildlife Reserve, Temengorr, Bintang Hijau, Gunung Tebu, Jengai, Ulu Temiang, Lepar, Ayer Nyah, Cameron Highlands, in 1999 -2001 Krau Wildlife Reserve, in 2005, N. Grimwood, pers. comm.) did not document the species. Whilst otter civets have been recorded in Peninsular Malaysia by this method (R. Laidlaw, pers. comm.), camera traps were generally not set close to rivers to avoid possible flooding, and this may explain the absence of otter civet records during these surveys (K. Kawanishi, pers. comm.) . However, intensive and widespread camera trapping in Sumatra by the Sumatran Tiger Conservation Programme (Franklin et al. 1999; Franklin, 2001) has provided a total of 60 photographs of otter civets in three different habitat types, although overall results suggest a highly localized and patchy distribution across the island as a whole.
Habitat preferences seem to include lowland primary forest streams and swamp areas, but there have also been some observations in logged forests (Borneo; Heydon & Bulloh, 1996; Franklin, 2001) . The highest locality was at 1,200 m, whereas the majority of localities were in lowland forests. The species is said to be nocturnal (Kanchanasakha et al., 1998) and some observations were at night or in the early morning (20.20, 21.00 and 07.45), but camera trapping in Sumatra shows the species active at all times of the day.
The otter civet has a range typical of a Sundaic species (Lekagul & McNeely, 1988) , thus its presence north of the Indochinese peninsula is unlikely, even though this region shares some fauna with the Sundaic region (Duckworth et al., 1999) . But, as an elusive species, rarely seen or collected, and probably often misidentified, we believe otter civets are often overlooked by field scientists. The conservation status of this species is unknown and difficult to establish but, as with the Sulawesi palm civet Macrogalidia musschenbroekii (Lee et al., 2003) , it does not appear to be abundant. Most of the specimens were collected between 1826 and 1940, with only 2 specimens since then. Although field surveys and camera trapping have been intensive in some parts of the region, records are rare, except at a few sites (i.e. Sabah, Borneo; Way Kambas National Park, Sumatra).
Conservation
Civets play important roles in the structure of biological communities (Wemmer & Watling, 1986; Rabinowitz, 1991; Grassman, 1998) . They are nearly always at the top of their trophic levels, and as such are particularly sensitive to disturbances of habitat and prey. The scarcity of recent records raises the question of the impact of human activities on otter civet populations. The impact of selective logging on small carnivores has seldom been addressed and this issue may be responsible for the rarity of otter civets. Heydon & Bulloh (1996) showed that the abundance of civets (including palm civets, banded palm-civet, otter civet, terrestrial civets and linsangs) in northern Borneo was significantly lower in logged forest than in primary forest. They further stated that the most specialized civets, which include otter civet, were less tolerant of logged forests than generalist civets (i.e. palm civets; see also Jennings et al., in press, for Malay civets).
Wildlife conservation is often based around habitat and species protection (Seidensticker et al., 1980; Nowell & Jackson, 1996; Duckworth, 1997; Sunquist et al., 1999) and for the maintainance of ecological processes (Balmford et al., 1998; Weddell, 2002) . Conservation of the otter civet requires the protection of forest and riverine habitat, and policing against illegal harvesting. Future field surveys are needed to further assess otter civet distribution and monitor their populations. For this purpose, live trapping and camera trapping are being conducted in Krau Wildlife Reserve in Peninsular Malaysia (Malaysia Carnivore Project, 2005) . International Zoo Yearbook, 33-35 (1993 -1995 ; 1995 1 M in 1994- Sebastian (1994 ) (at least) 1995 Bangkok Zoo, Thailand 1973 -1974 Thailand 2 M (1973-74) ; Schreiber et al. (1989 Schreiber et al. ( ) 1978 Schreiber et al. ( -1983 Schreiber et al. ( 1 M (1978 Schreiber et al. ( -1983 International Zoo Yearbook, 9 (1969) ; Schreiber et al. (1989) . https://doi.org/10.1017/S0030605306000068
